We explore behavior and test theory regarding the determinants of flood insurance coverage in the coastal zone using household-level data for nine southeastern counties. We use Tobit regression models to assess the importance and magnitude of insurance cost, risk factors, community characteristics, and household attributes on flood insurance purchase for residential building structures. Overall estimates indicate price inelastic demand, though subsidized policyholders are more sensitive to price and hold greater flood insurance coverage (controlling for value of asset at risk). We find support for rational choice in the coastal zone, with flood insurance coverage positively correlated in the level of flood risk. We find evidence that coastal erosion risk effects flood insurance demand, and that community level erosion hazard mitigation projects influence flood insurance holdings, with shoreline armoring appearing to act as a substitute and beach replenishment appearing to act as a complement.
Introduction
Over the past 50 years, coastal areas in the United States have witnessed a growing populace, an evolving social environment, and increased economic activity. On the East and Gulf coasts, the burgeoning population faces considerable risk from coastal storms (hurricanes and nor'easters) that periodically cause extensive flooding, wind, and erosion damage. Increasing coastal populations, development in hazard-prone areas, rising construction costs and increased value at risk have contributed to rising monetary losses due to these natural hazards (Kunreuther 1998a; Wharton 2008) . Nordhaus (2006) estimates the value of capital stock in low-lying coastal areas vulnerable to natural hazards at $1.2 trillion (about 3% of GDP (2005 dollars)), and recent predictions suggest that we are entering a period of increased storm activity (Goldenberg et al. 2001; Webster et al. 2005 ) which could exacerbate coastal risk.
Historically, the catastrophic nature of flood risk and government's predilection for disaster aid has precluded private insurers from voluntarily offering coverage (Anderson 1974 , Kunreuther 1998b . Since the late 1960s, the U.S. federal government has played an expanded role in providing protection from flood and other coastal hazards. augment incentives for insurance purchase and hazard mitigation projects (Pasterick 1998 ). The National Flood Insurance Reform Act of 1994 charged the Federal Emergency Management Agency (FEMA) with evaluating the effects of coastal erosion on coastal communities and the NFIP (Heinz Center 2000) . In light of increasing coastal populations and predictions of increasing coastal storm intensity, there is heightened concern about natural hazard exposure in coastal areas and the viability of NFIP.
Understanding household demand for coverage is a key element in assessing the viability of the market for flood insurance and the role of market insurance vis-à-vis and in conjunction with other forms of indemnification from coastal hazards.
Due to the large number and diversity of affected communities, delineation of flood risk under the Flood Disaster Protection Act of 1973 proved a laborious task, leading to the development of the NFIP in phases. The "Emergency Phase" of the program offered insurance at subsidized rates to households in communities that agreed to adopt floodplain management ordinances. Subsidized insurance rates applied only until detailed Flood Insurance Rate Maps (FIRMs) could be produced, after which new construction would pay "actuarial" rates determined by location in the flood zone, structural characteristics (e.g., elevation), and the existence of community hazard mitigation projects (in the "Regular Phase" of the program).
2 Construction after the publication of FIRMs was required to meet new building standards designed to make structures more flood resistant. As of 1997, 35% of properties in the flood zone nationwide were eligible for explicitly subsidized insurance, paying approximately 37% of the actuarial premium (Burby 2001) . 3 Since its inception, the NFIP has suffered from low levels of participation among homeowners. The Flood Disaster Protection Act of 1973 required communities be enrolled in NFIP in order to qualify for certain types of federal disaster assistance and required flood insurance purchase for federally-backed (FHA) mortgage loans in highrisk areas (Pasterick 1998) . Mandatory purchase requirements were strengthened under the National Flood Insurance Reform Act of 1994, and programs were expanded to encourage local hazard mitigation projects. Nonetheless, evidence suggests that mandatory purchase requirements are not aggressively enforced after the initial year of a mortgage contract (Kunreuther 1996; Palm 1998; Tobin and Calfee 2005) , so that after a loan is secured participation becomes de facto voluntary. 4 In 1997, market penetration for the NFIP across the U.S. was estimated at 26% of eligible parcels (PricewaterhouseCoopers 1999) . Explanations for low market penetration have included ignorance of and lack of experience with flood hazard, subjective misperceptions of the likelihood of flooding and magnitude of loss, lack of awareness of the availability of flood insurance or belief that the price is too high, and "charity hazard" -a reliance on assistance from others (e.g. government) in the event of disaster (Kunreuther 1984 , Lewis and Nickerson 1989 , Kunreuther 1996 , Browne and Hoyt 2000 .
In this paper, we focus on flood insurance coverage choice in the coastal zone, utilizing household micro-data from 6074 parcels in nine southeastern U.S. counties.
These data were collected by the H.J. Heinz III Center for Science, Economics, and Environment, under the direction of FEMA, pursuant to addressing questions regarding the impact of shoreline erosion on coastal communities and the NFIP (Heinz 2000) , and
were utilized by Kriesel and Landry (2004) to examine participation in the NFIP. We expand upon their analysis in a number of ways: i) our empirical model considers not only participation, but also the level of coverage elected; ii) we improve upon the insurance premium covariate by employing NFIP rate schedules to determine marginal price measures that reflect specific property risk attributes (rather than average imputed prices as employed in Kriesel and Landry (2004) ); and iii) we explore a greater array of specifications and covariates in our analysis in order to test economic and behavioral determinants of flood insurance coverage.
Consistent with previous research, we find evidence of price inelastic demand for flood insurance. Price elasticity varies across subsidized and non-subsidized insurance policies, with subsidized policyholders exhibiting greater overall coverage (controlling for the value of asset at risk) and elastic demand. Our findings provide support for rational choice theory in general, with coverage demand greater in the highest risk (Vzone) areas and lower in the least risk (B/C/X-zone) areas relative to more moderate risk (A-zone) areas (controlling for insurance price and value at risk).
Coverage is increasing in the erosion rate at the nearest shoreline and higher for those households that claim to possess knowledge of the erosion rate at the nearest shoe, suggesting that erosion risk may induce flood insurance purchase. 5 Further, we find evidence that coverage is higher in areas that manage erosion through beach replenishment and lower in areas that are structurally fortified, suggesting a difference between the way households view community protection policies vis-à-vis formal insurance (complementary in the case of beach replenishment and as a substitute in the case of shoreline armoring). Results of the extended models suggest that flood insurance is a normal good, and demand is increasing in the level of education.
Flood Insurance Coverage: Theory and Empirics
Optimal insurance coverage has been analyzed within an expected utility (EU) maximization framework by Smith (1968) and Mossin (1968) . We briefly sketch a proportional to C, given by pC. The individual purchase decision problem is:
where C is the object of optimization. It is widely recognized that maximization of (1) implies full coverage (C = L) if insurance is actuarially fair (p = π) and less than full coverage is if the premium includes a loading factor (p = (1+λ)π for 0 < λ < 1).
6
Introducing an exogenous constant deductible to the loss state increases optimal coverage, while a piecewise linear pricing schedule will not alter the nature of the solution as long as unit price on initial coverage (p 1 ) is less than the unit price of 6 Inclusion of a loading factor in the premium to cover administrative costs is standard practice in private insurance markets. Differential loading factors across policies may also reflect an attempt to alleviate adverse selection. subsequent coverage (p 2 ); this is the premium structure for the NFIP, with p 1 applying to initial structure coverage ($0 -$50,000), and p 2 applying to additional coverage ($50,000 -$250,000 [the upper limit on structure coverage]).
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Camerer and Kunreuther (1989) observe that public perceptions of risk often differ from expert objective assessments. Optimal insurance coverage changes in predictable ways if one allows for subjective loss probabilities across individuals that differ from objective assessments of insurers; downward bias in subjective risk assessment reduces optimal coverage, ceteris paribus, as the insurance will appear too expensive. A number of plausible decision making heuristics give rise to what are considered behavioral anomalies in the context of EU and lead to systematic errors in optimization; behavioral anomalies include optimism bias (i.e. "it can't happen to me"), desire to reduce anxiety about risk, concerns about the appearance of prudence when others learn about one's decisions, wanting to behave as others (i.e. influence of social norms), and a tendency to ignore low probability events (Camerer and Kunreuther 1989; McClelland, Schulze, and Coursey 1993; Kunreuther 1996; Palm 1998; Krantz and Kunreuther 2007) . Lack of information on probabilities and magnitudes of loss may invalidate the EU framework in (1), while saliency of accurate risk information may vary over time and by context (Kunreuther, Sanderson, and Vetschera 1985; Krantz and Kunreuther 2007) . On the other hand, if full insurance is legally required with strictly enforced provisions, insurance coverage may not be an object of discretionary choice.
Variations in optimal coverage choice can also be explored through the introduction of different forms of utility in (1) 
Flood Insurance Coverage Data
We make use of flood insurance coverage data studied by Kriesel and Landry (2004) , but append a complement of information in order to conduct additional analysis. These data were gathered by the H.J. Heinz III Center for Science, Economics, and the Environment, under the direction of FEMA, to address issues of flood insurance and coastal erosion.
The sampling frame is residential parcels in the near-shore zone 10 of nine coastal counties in Delaware, North Carolina, South Carolina, Georgia, Florida, and Texas. A stratified random sample of the near-shore zone was selected across the nine counties using a Tshaped sampling frame within each county in order to ensure adequate coverage on the oceanfront; weights are used to adjust all reported statistics for representation of the nearshore zone. The sample was then merged by address with the Federal Insurance
Administration's policies-in-force database in order to provide accurate information on market penetration and coverage levels. Of the 6074 parcels with complete data, 52
percent of property owners were identified as holders of flood insurance. Lastly, the dataset was complemented with information from a survey questionnaire sent to the home address of all parcel owners in the sample during 1998. The response rates, indicated in the last column of table 1, vary significantly across counties, with a high of 53% in Dare County, North Carolina and a low of 19% in Sussex County, Delaware. The overall survey response rate was 34%. Table 2 reports weighted descriptive statistics on insurance, parcel, and structure characteristics for the entire sample. The average flood insurance coverage for structure in the sample (obtained from both policies-in-force data and mail survey) was $71,600
($1998), with a minimum of zero and a maximum of $250,000. . 12 Almost 50% of the respondents in our dataset hold no flood insurance, while consistent with the findings of Michel-Kerjan and Kousky (2008) only 7.5% elect for the maximum coverage of $250,000.
premiums were calculated using descriptive information on the property and detailed NFIP rate tables from 2004 (adjusted back to 1998 levels). 13 At the parcel level, flood insurance premiums depend upon a number of factors, including: flood zone, year of construction relative to publication of FIRM, presence of basement or obstruction below a property, type of structure, elevation above BFE, Community Ratings System (CRS) score, the level of coverage, and chosen deductible. 14 We discuss each of these factors in turn.
Most of the properties in our data (50%) are located in the V flood zone, 100-year flood zone with additional risk due to high-velocity waves associated with storm surge. Regular rates vary by number of building stories, presence of basement or obstruction, structure type, and elevation above BFE. Post-FIRM structures with greater elevation 13 Flood insurance rates have been generally increasing over time. Between 1998 and 2004 there were three targeted rate increases that we had to factor into our marginal premium calculations. 14 Total premium also includes a $30 Federal Policy Fee that applies to high-risk areas, an Increased Cost of Compliance coverage premium, and a Probation Surcharge (if applicable). These additional fees do not affect the marginal premium, but may induce price differences on the extensive margin. 15 Post-FIRM structures in the V-zone built between 1975 and 1981 are "grandfathered' because building standards did not take account of damage due to wave heights. The level of the subsidy is different for pre-FIRM structures and these "grandfathered" V-zone structures.
pay lower rates. Almost 70% of structures in our dataset are elevated on piles, and 18%
have obstructions below the property. Average elevation above base flood elevation (BFE -height of the 100-year flood) was 3.3 feet, with a high of 30 feet and a low of -12.5 feet (that is 12.5 feet below BFE).
The National Flood Insurance Reform Act of 1994 established the Community Rating System (CRS) to evaluate and summarize mitigation projects in a community.
The CRS score ranges from 1 (many mitigation projects, low flood risk) to 10 (little or no mitigation projects, baseline flood risk); a lower CRS score decreases flood insurance premiums. The average CRS score for our sample was 8.3 with a low of 5 and a high of 10. All premiums are adjusted to reflect the CRS score for the community, with discounts ranging from 0% (for a score of 10) to 25% (for a score of 5).
Premiums also vary by amount of coverage. A basic lower rate applies to the first $50,000 of coverage on structure, while a higher rate applies to additional coverage up to the $250,000 limit on structure. 16 Knowing coverage level, we are able to apply the marginal rate in our empirical analysis. The marginal rate should affect decision making via the theoretical model in (1). Previous research (Kriesel and Landry 2004) has employed an estimate of the average insurance rate.
The standard deductible for NFIP structure coverage is $500. Reduced premiums are awarded for those opting for a higher deductible, up to $5,000 deductible on singlefamily structures. Premiums for post-FIRM structures in the V-zone built after 1981
(approximately 14% of our data) depend upon the ratio of coverage level to replacement value ('replacement cost ratio'). Unfortunately, our data contain limited information (N = 1668 for policy holders) on deductible level 17 and no information on replacement value. 18 To make full use of the available data, we consider two measures of marginal premium -a high and a low version -in order to assess the responsiveness of coverage demand to premium level. The high premium model assumes all households elect the standard $500 deductible and that post-FIRM structures in the V-zone built after 1981 select a level of coverage that is less than 50% of the structure replacement cost. The data of Michel-Kerjan and Kousky (2008) suggest that 98% of Florida policyholders select a deductible less than the maximum and 80% choose the lowest deductible of $500. Thus, the high premium assumptions probably provide the most accurate results.
The average high marginal premium is $1.01 per $100 coverage with a minimum of $0.06 and a maximum of $6.00. The price elasticity from the coverage model that employs the high marginal premium will be a lower bound on the true value. The low premium model assumes all households elect a $1000 deductible and that post-FIRM structures in the V-zone built after 1981 select a level of coverage that is greater than or equal to 75% of the replacement cost. The average low marginal premium is $0.87 per $100 coverage with a minimum of $0.06 and a maximum of $3.90. The price elasticity from the coverage model that employs the low marginal premium will be an upper bound on the true value.
The average historical beach erosion rate is 2.7 feet per year for those properties in an actively eroding zone (71% of the sample). A much smaller proportion (6.5%) or parcels are in accreting zones, with an average accretion rate of 0.2 feet per year. The remaining 22.5% of parcels are classified as being in neither an erosion or accretion zone.
19 Kriesel, Randall and Lichtkoppler (1993) use a variable transformation, geotime, to measure erosive pressure on a parcel. Geotime is defined as the ratio of setback (or distance from the shoreline) to historical erosion rate, providing an estimate of the number of years a parcel is expected to remain in the face of constant, deterministic shoreline erosion. Average geotime in our sample is 787 years, but approximately 30% of the parcels exhibited geotime less than 10 years. The hurricane return period, the mean number of years expected to elapse between landfall of major hurricanes in an area, was calculated at the county level from summary information provided by FEMA. The average is 47 years, with a low of 16 years and a high of 190 years. The average distance from the shore is 318 feet and 42% of properties are oceanfront.
The tax assessor's database provides information on assessed building and land values, recent sales price, year of construction, year of sale, and other structural variables.
Building and land assessed values are unreliable measures of value for our analysis due to differences in assessment and updating across municipalities. Since information on sales price is limited (N = 2844), we employ hedonic price regression to produce imputed current property values. 20 The average property sales price is $187,177 (1997$), and the average predicted asset value is $143,683. The average ratio of flood insurance coverage to estimated asset value is 0.651. Year of construction is used to determine whether the structure was built after the publication of a FIRM in the community. Post-FIRM buildings are required to meet more stringent building standards and pay 'actuarial' flood insurance rates. 19 The erosion rates were calculated by state coastal zone managers. In some cases, managers set the erosion rate to zero if structural fortification (i.e. seawalls) were in place. 20 The hedonic price regression results are presented in table 4. The estimated model is used to impute housing sales price in 1997.
We turn next to survey data gathered from the mail questionnaire. The descriptive statistics are weighted for non-response bias of NFIP non-participants (in addition to the T-shaped sampling frame) and are presented in Sixty-eight percent of respondents indicated that they would have purchased their coastal home regardless of whether flood insurance was available, and 11% indicate that they have allowed their flood insurance to lapse at some time in the past. Ten percent indicate that they have submitted an insurance claim for flood damages in the past.
Thirty-nine percent identify their property as mortgaged, but surprising only 15% claim that they were required to purchase flood insurance by their mortgage lender. Only 28% of respondents claimed to be aware of the erosion rate at the nearest shore. Nineteen percent indicated that shoreline armoring was being used to combat erosion at the shoreline nearest their property, while 35% indicated that beach replenishment was being utilized at the nearest shoreline. The majority of respondents (35%) utilize their property as a vacation home. Thirty percent use the property as part-time rental and part-time vacation home. Almost a quarter utilize the property as their primary residence, and 10%
offer the property as a full-time rental.
A subset of respondents (N = 292) provided information regarding why they did not hold flood insurance. The majority (30%) indicated that flood insurance was too expensive. A quarter indicated that they perceived the risk of flooding as very low, while 20% claimed they were not required to purchase flood insurance. Nine percent indicated that flood insurance was unavailable.
Econometric Models of Flood Insurance Coverage
We employ multiple regression analysis to explore determinants of flood insurance coverage choice for residential building structures in the near-shore coastal zone. We consider two models, one of coverage level with imputed asset value included as a covariate (referred to as the 'coverage' model), and the other of the ratio of coverage level to imputed asset value (referred to as the 'ratio' model). Flood insurance coverage is a censored variable because it cannot be below $0 (and for the coverage model, it cannot exceed the $250,000 upper limit). We use the Tobit model (Tobin 1958 , Wooldridge 2001 , which assumes that the continuous portion of the error distribution is reasonably approximated by a Gaussian probability density, while the censored values are represented by cumulative Gaussian probability masses. Due to the use of an imputed regressor in the coverage model, we use bootstrapping to obtain reliable standard errors.
Let y i be the amount of flood insurance coverage elected, or the ratio of coverage to asset value. The dependent variable for a Tobit model can be censored as follows: 
where y i is the observed response variable (coverage level or ratio of coverage to asset value), is the latent response variable, UL is the upper limit on coverage ($250,000) and LL is the lower limit ($0). The upper limit applies only to the coverage model. The log-likelihood function for the Tobit model is:
for the coverage model, and:
for the ratio model, where ) (• φ represents the standard normal probability density function, represents the standard normal cumulative distribution function, x is a vector of covariates hypothesized to effect demand for flood insurance coverage, and β and σ parameters to be estimated.
) (• Φ
Economic theory provides guidance on the specification of covariates for our regression models (Smith 1969 , Mossin 1969 . The marginal price of flood insurance (i.e. the amount charged for additional $100 coverage) is a primary parameter in the specification of demand, as is household income. Risk factors, such as presence in a flood zone, should affect demand; we hypothesize that households in higher risk zones will demand greater coverage, but the higher cost of insurance in these zones makes the effect uncertain. We also explore erosion hazard factors, such as the erosion/accretion rate and the presence of erosion mitigation projects (shoreline armoring or beach replenishment) in the nearby area. Households may view such projects as substitutes or complements to formal flood insurance depending upon their own assessment of the protection offered. Other covariates in the model include property usage and household demographic factors.
Theory and intuition suggest that the value of the asset at risk should affect insurance demand. Unfortunately, we have limited information on property replacement values. We employ hedonic price regression analysis to produce imputed current property values, and take a proportion of the imputed value as an estimate of the replacement value of the structure at risk. The hedonic price regression parameters for the entire sample are displayed in table 4. The estimation utilizes a semi-log functional form and includes housing sales between 1980 and 1997. Due to missing data, the specification is fairly restrictive, including only square footage and lot size (both in quadratic form), dummy variables for missing information on square footage or lot size, the age of the structure at time of sale, dummy variables for oceanfront and vacant lots at time of sale, and distance to the central business district (CBD). Year fixed effects are included for 1980 -1996. 21 The estimated model is used to impute housing sales price in 1997, and 60% of the estimated sales price provides a proxy for the structure asset value.
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Method of estimation is quasi-maximum likelihood, as weights (ω i ) are applied to each observation of the log-likelihood function to correct for the T-shaped sampling frame (and under-representation of flood insurance non-participants in the case of models 3 and 4). A modified Newton-Raphson algorithm is used to obtain parameter estimates (Amemiya 1973 (Amemiya , 1985 . Marginal effects are transformations of (3) and (3') that provide 21 The R 2 indicates that the included covariates explain 51% of the variation in log of housing sales prices, and the F-statistic for the model is statistically significant at the 1% level. All parameters have the expected sign and all are statistically significant at the 5% level for a Type I error, except for missing lot size, and Glynn County and Sussex County dummy variables. 22 Sixty percent is the average value of the ratio of building assessed value to total assessed value in our dataset.
an estimate of the effect that a unit change in an element of the vector x have upon the response variable (insurance coverage in raw or ratio form). Marginal effects for the double-censored Tobit (coverage) model are calculated as:
for each continuous element j of the vector x, where E(•) is the expectations operator.
Marginal effects for the single-censored Tobit (ratio) model are calculated as:
Marginal effects for discrete covariates in both models are calculated as:
Elasticities transform marginal effects into unit-free, percentage change effects, and are calculated as:
where x and y are weighted means of the independent and response variables, respectively, and the latter discrete measure effect is a half-elasticity.
We are concerned about the possible introduction of bias in estimation of parameters of coverage models (3) due to the presence of an imputed regressorhousing asset value. Such imputed regressors by construction suffer from sampling error.
These errors introduce bias into hypothesis tests based on covariance matrices inferred 23 For the double-censored Tobit, ) 2500
from regressions which include imputed regressors. These biases are persistent and do not disappear in large samples; to obtain reliable and unbiased results, the imputed regressor problem must be addressed. Murphy and Topel (1985) propose a solution to the imputed (or 'generated') regressor problem, but their results focus on linear models and are not easily extended to non-linear models, such as Tobit. We, thus, employ a bootstrapping procedure (Efron and Tibshirani 1986) to estimate the standard errors for the coverage models. 24 With each resampled dataset, we estimate both the first stage imputation (i.e. hedonic price) equation and the second stage Tobit model (Shao and Sitter 1996) . We repeat this procedure 2000 times, and calculate standard errors from the distribution of estimated coefficients.
Results
We report bootstrapped coefficients and standard errors for the Tobit coverage (3) model in tables 5 and 6, employing high and low estimate of marginal insurance premium, respectively. Each table includes 4 models, the first of which serves as a baseline and includes marginal premium, indicators for the V and B/C/X flood zones, imputed asset value, the hurricane return interval, and the historical average erosion rate (er) or accretion rate (ar). Model 2 explores differences in coverage for subsidized policyholders, while models 3 and 4 utilize survey data to explore the influence of local hazard mitigation projects and household level variables, respectively. An asterisk indicates covariates which are not statistically significant at the 5% level for a Type I 24 The ratio model does not utilize a bootstrap because the imputed regressor is in the denominator of the dependent variable.
error. As models 1 and 2 utilize the full dataset, we deem these estimates more reliable for covariates that are included in all models.
All coverage model specifications exhibit a negative flood insurance price coefficient. Our estimates of price elasticity of demand are ε p = -0.308 for the high premium model and ε p = -0.745 for the low premium model. Thus, both models indicate inelastic demand, with the high premium providing an arguably better estimate and a lower bound on the responsiveness of flood insurance demand to price. Models 2 explore the variability in coverage by subsidy class. Subsidized policyholders are much more price sensitive than non-subsidized, ε p = -1.092 compared to ε p = -0.330, respectively for the high premium model (ε p = -1.697 compared to ε p = -0.366 for the low). Surprisingly, these results also indicate that those households that face subsidized rates purchase less flood insurance (marginal effect = -$44,100 (-$52,448) for the high (low) premium model).
All coverage models indicate significantly higher insurance coverage in the Vzone and lower insurance coverage in the B/C/X-zones relative to the A-zone. For example, results from model 1, table 5 suggest that location within the V-zone increases flood insurance coverage by $50,802, all else being equal, while location in the B/C/Xzone decreases flood insurance coverage by $38,248. Of the models that utilize the full dataset, the estimated marginal effect for V-zone ranges from $50,802 to $79,545; the estimated marginal effect for X-zone ranges from -$38,248 to -$53,833. Estimated asset value is statistically insignificant in all specifications, except for the fourth model (which focuses on the sub-sample of survey respondents). Results from these models suggest that a 1% increase in asset value increases flood insurance coverage by between 0.32% and 0.35%. The effect of hurricane return period is consistently negative in all coverage models except one (in which it is statistically insignificant), suggesting that lower hurricane risk is associated with lower flood insurance coverage. The estimated effect ranges from -$2700 to -$3900 for a one-year increase in the return interval.
Results from models 1 suggest that those households facing higher erosion hazard demand greater flood insurance coverage, with a marginal effect of around $3400 for one foot increase in the erosion rate in each specification, though this effect is insignificant in models 2. The rate of shoreline accretion has no statistically significant effect on flood insurance demand. According to the results in models 3, community hazard mitigation 
Discussion
Consistent with previous research, we find inelastic demand for flood insurance (U.S. GAO 1983; Browne and Hoyt 2000; Kriesel and Landry 2004; Dixon et al. 2006) . We believe that our estimates may be more accurate than previous estimates due to the fact that we employ marginal measures of insurance premium and utilize household-level micro data. Our results, however, are limited to coastal properties in the southeast. Due to the lack of information on deductible and replacement value, we estimate dual models employing a high and low estimate of marginal premium for all specifications. Despite this limitation our price elasticity estimates are rather tight; the overall estimate ranges from -0.308 to -0.745. Estimates that employ the ratio of coverage to estimated asset value also find evidence of inelastic demand, with ε p ranging from -0.579 to -0.826. In both cases, the former estimate is arguably better due to underlying assumptions.
Our results also provide some insight into the differences in coverage and elasticity across subsidized and non-subsidized flood insurance policies. We find greater price elasticity of demand for subsidized policyholders in both the coverage and ratio specifications, ranging from -1.092 to -1.697 for the coverage models and from -1.743 to -2.459 for the ratio models. In all models, price elasticity of demand for non-subsidized policyholders is very low, ranging from -0.084 to -0.15 for the coverage models and from -0.105 to -0.249 for the ratio models. In terms of raw coverage, subsidized policyholders demand less coverage (ranging from -$44,100 to -$52,448) than non-subsidized policyholders. When we examine demand as a ratio of coverage to asset value, however, subsidized policyholder demand greater coverage (ranging from $0.333 to $0.379 per $1 asset value) than non-subsidized policyholders. These results probably reflect the lower market value of subsidized parcels, which should be older and more vulnerable to hazards (since they were constructed before flood mitigation building standards were in force).
The Congressional Budget Office (Marron 2006) estimates that flood insurance premium payments make up about 60% of the actuarial balance, leaving the general taxpayer responsible for an estimated $1.3 billion per year. Our results support the contention that moderate increases in flood insurance premiums will probably not induce wholesale cancellation of policies, but the reduction in demand is likely to be significantly greater for subsidized than non-subsidized policyholders. To the extent that mortgage requirements mandate a specified level of flood insurance coverage, price increases will have little effect on demand but will clearly induce negative welfare effects on coastal households (assuming that the quality of post-disaster payouts and assistance remains constant).
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Holding of a property mortgage induces the largest positive marginal effects in our models -on the order of $78,000 -$85,000 in the coverage model and ranging from $0.36 -$0.39 per $1 asset value for the ratio model.
The efficacy of the mortgage requirement provision, however, has limits. The raw data suggest that in 1998 only 39% of coastal properties were mortgaged. This likely reflects a high level of wealth for many coastal property owners. The low proportion of mortgages limits the influence of mandatory purchase provisions tied to mortgage status.
Moreover only 15% claim that they are required to hold flood insurance despite the federal mandate for FDIC-backed mortgages. The raw data suggest that 11% of respondents have allowed their flood insurance coverage to lapse as some time in the past. This result is consistent with the suggestion that lenders have not been especially zealous in enforcing insurance purchase requirements as required by law (Kunreuther 1984; Kunreuther 1996; Pasterick 1998 ), but anecdotal evidence suggests that more recent data may not show a similar tendency. 26 The subset of survey data providing information on why those that have foregone flood insurance have made such a choice indicates that subjective assessments of flooding tend to be lower than objective estimates, as 55% of respondents claim that the price of insurance is too high or that the risk of flooding is very low.
Our results provide some support for rational decision making with regard to flood risk in the coastal zone. We find evidence of significantly higher insurance coverage in the V-zone (ranging from $50,800 to $79,500 in the coverage models and from $0.33 to $0.44 per $1 asset vale in the ratio models) and lower insurance coverage in the X-zone (ranging from -$38,200 to -$53,800 in the coverage models and from -$0.12 to -$0.19 per $1 asset vale in the ratio models) relative to the A-zone. This pattern of results suggests that, conditional on the price of flood insurance and the value of the asset at risk, homeowners anticipate higher damage and thus purchase greater coverage in the 100-year flood zone with high velocity waves relative to the standard 100-year flood zone, and that anticipation of damage and purchase of insurance coverage is lower in flood zones with less risk. From the coverage models, we find flood insurance demand is increasing in the estimated value of the asset at risk, but the effect is statistically insignificant in most models (save for models 4, for which the estimated marginal effect is between $100 and $200 dollars of coverage for a $1000 increase in asset value). Flood insurance demand is increasing in hurricane risk, as reflected in the hurricane return interval, for the coverage models. The marginal effect is between $2700 and $3900 for a one year decrease in the hurricane return interval. This covariate, however, has a counter-intuitive positive parameter in the ratio models. Thus, the result is not robust across specifications.
We employ housing use data to test for wealth effects on flood insurance demand.
Our data include information on those households that use their coastal property as a vacation home, as their primary residence, or as a rental unit. The rental market for housing in coastal areas is typically very active. Those households that own multiple homes (at least one in the coastal zone) and choose to forego rental income on their coastal property are likely wealthier than those that supply in the rental market or those for whom the coastal property is their primary residence. Neither the vacation home dummy variable nor the primary residence dummy variable, however, proves to have any explanatory power in our regression models. Thus, our findings are not particularly insightful regarding wealth, and this remains a difficult topic to explore empirically. 
Conclusions
We use Tobit regression models to explore behavior and test theory regarding the determinants of flood insurance coverage in the coastal zone using micro-level data for nine southeastern U.S. counties. Unlike previous research, we incorporate both the extensive and intensive margin of demand and employ measures of marginal insurance premium to assess price elasticity. Overall estimates indicate price inelastic demand, though subsidized policyholders are more sensitive to price and hold greater flood insurance coverage (controlling for value of asset at risk).
We find support for rational choice in the coastal zone, with flood insurance coverage correlated in the level of flood risk, controlling for insurance price and value of the threatened asset. In one set of models, flood insurance demand is increasing in hurricane risk, as reflected in the hurricane return interval, but this result is not robust across specifications. The other set of models provide counter-intuitive results with regard to hurricane risk, likely reflecting error in this county-level proxy for hurricane risk. We attempt to proxy for household wealth, using dummy variable that reflect how the owner uses the property, but results are statistically insignificant. We find a positive and statistically significant income elasticity that is less than one indicating the flood insurance is a normal good.
We find evidence that erosion risk does affect flood insurance demand, as households facing higher erosion hazard demand greater insurance coverage and those that claim knowledge of the erosion rate at the nearest shore hold more flood insurance.
Lastly, we find some evidence that community level erosion hazard mitigation projects influence flood insurance holdings, with shoreline armoring appearing to act as a substitute and beach replenishment appearing to act as a complement for flood insurance in our ratio models. Unfortunately, we are unable to address the importance of "charity hazard", or a reliance on third-party assistance in the event of natural disaster. Finding data that will allow for an assessment of charity hazard vis-à-vis other determinants of flood insurance demand remains an important topic for future research. 
